Protecting and Improving Health Through
The Radiological Sciences

l. Introduction

In recent years, the radiological sciences
have exerted an ever-increasing influence on
the lives of the American people. In the field
of medicine, more than half of the population
is subjected each year to radiological study,
gither through the use of x rays or the ad-
ministration of radioactive materials during
the diagnosis and treatment of their disease. In
industry and many other walks of life, radio-
logical methods which protect the people from
undue exposure to ionizing radiation have made
possible the realization of many of the great
benefits of the atomic age.

In the future, the radiological sciences are
likely to play an even greater role in society.
Markedly expanded medical services, intimately
involving radiological methods, are being made
available to the public. And, further advances
in atomic energy will require the careful
evaluation and application of protective meas-
ures if these advances are to yield their maxi-
mum usefulness.

In view of these circumstances, the National
Advisory Committee on Radiation believes it
timely that a review of the responsibilities of
the Public Health Service in the radiological
sciences be undertaken. This is particularly so
in view of the recent emergence of a number
of problems which if allowed to continue may
seriously hamper such programs as Medicare
and the nation’s efforts to combat cancer, heart
disease and stroke. Furthermore, additional
problems are making more difficult the trans-
lation of the advances of atomic research into
needed benefits for the public. In this Report,
the Committee has made an effort to identify
these problems and to propose a series of rec-
ommendations which may be helpful to the
Surgeon General in bringing about their early
resolution.

Il. The Development of the Radiological Sciences—
A Short Historical Review

To place the discussions of this Report in
perspective, the following history of the
growth and development of the radiological
sciences has been prepared. Although brief, it
provides background information which may
assist the reader in gaining a better under-
standing of the complex interrelationships pre-
vailing in the nation’s use and control of ioniz-
ing radiation.

The radiological sciences had their origin in
November, 1895, when Wilhelm Conrad
Rontgen, professor of physics at the University
of Wiirzburg, Germany, discovered “a new
kind of rays” which he subsequently called
“x-rays”. There are few scientific discoveries
in the history of mankind that have generated
scientific and public reaction so immediate and
so great. The possibility of using x-rays in
medical and surgical diagnosis was recognized
at once. Within the first year after the an-
nouncement of the discovery almost one
thousand scientific papers and many textbooks
on x rays were published. In February of 1896
the Journal of the American Medical Associa-
tion expressed the cautious opinion that x-rays
might be useful in the treatment of disease.

From the early applications of x-rays in med-
ical diagnosis, the branch of the radiological
sciences now known as diagnostic roentgen-
ology developed. Simultaneously, the use of x-
rays in the treatment of disease gave birth to
the clinical specialty of radiation therapy.

Medicine was, of course, not the only scien-
tific discipline to benefit from Rontgen’s dis-
covery. The natural sciences also profited at
once. One of the most important consequences
was the discovery of radioactivity by Becquerel
in 1896, soon to be followed by the discovery of
radium by Marie and Pierre Curie in 1898.



The discoveries of Rontgen, Becquerel and
the Curies were the forerunners of seven
decades of brilliant scientific achievement. In
1905, Einstein proposed that mass and energy
are related by the now well-known equation,
E = mec?, in which E signifies energy, m mass,
and c the velocity of light. In 1911, Rutherford
proposed an atomic theory in which he sug-
gested that the mass and positive charge of the
atom are concentrated in a central nucleus. And
in 1918, Bohr proposed an atomic model com-
prising a central nucleus with electrons moving
in systematic orbits about it. Although modified
considerably in later years, this model was of
great value in guiding research in the physical
sciences at the time.

In 1919, Rutherford found that the nuclei of
nitrogen atoms under certain experimental
conditions of bombardment yielded positively
charged particles which he named protons. He
also observed that in this process the nitrogen
atoms were transformed into oxygen. This was
the first experiment in which one element was
artificially transformed into another. In the
next vear, Rutherford proposed that atomic
nuclei also include a fundamental particle ap-
proximately the size of the proton but bearing
no electrical charge. This particle he named the
neutron. Twelve years later, Chadwick dis-
coverad the existence of this particle and in
1934, Fermi, while bombarding uranium and
other atoms with neutrons, observed many
phenomena of artificial transmutation and
radioactivity.

Simultaneously with the work in the physical
sciences, a number of investigators began to
study the biological effects of x rays and of the
radiations emitted from radium. Quite acci-
dentally in the early part of this century it
was discovered that some physicians who used
X rays in the diagnosis of their patients de-
veloped inflammatory changes of the skin of
their hands, changes which not infrequently
became cancerous. These effects were traced to
the practice of these physicians of placing their
hands under their fluoroscopes each day while
they tested the operational characteristics of
their equipment.

The damage done to the hands of the pioneer
radiologists was due to relatively large doses of
x rays. Late in the 1920’s Muller discovered
that relatively small doses of radiation to re-
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productive cells produce changes or mutations

in succeeding generations of the irradiated
species.

Between 1934 and 1940, several hundred
artificially created radionuclides were discov-
ered. Use of these materials in medicine led to
the birth of the clinical discipline now known
as nuclear medicine.

In 1939, Hahn and Strassman bombarded
uranium-235 with neutrons and demonstrated
the phenomenon of nuclear fission, a process in
which each uranium atom broke into two ap-
proximately equal parts. The process was ac-
companied by the liberation of neutrons and the
release of substantial amounts of energy.
Hence, work was begun to devise an experiment
in which uranium could be made to undergo
fission in a self-maintaining, controlled reac-
tion. In December, 1942, this culminated in the
development of the first successful uranium
pile or reactor at the University of Chicago.

The work at Chicago raised the curtain on the
atomic age. The reactor made possible the pro-
duction of large amounts of radioactive mate-
rials which soon found widespread use in
research and development in industry, agricul-
ture and medicine. It ushered in the era of
power from nuclear sources. And it made pos-
sible the production of atomic weapons of un-
precedented magnitude.

After the end of World War II, it was con-
fidently predicted that the enormous advances
which had taken place in the natural sciences
since Rontgen’s discovery would bring untold
benefits to all mankind. Spectacular develop-
ments in the diagnosis and treatment of disease
were anticipated. The provision of unlimited
amounts of cheap electric power for every
nation in the world seemed possible. And the
application of the nuclear sciences to a vast
array of industrial and agricultural processes
appeared likely to open up a great new period

of technological development and economic
progress.

For some time, these promises were un-
realized; progress was disappointing. How-
ever, if an error was made in assessing the
impact of the atomic age on society, it was an
error of timing rather than of substance. Re-
cently, progress has been accelerating. Nuclear














































































